The paper examines computationally the similarities in 100-word lists of basic vocabulary between Xokleng (a language of southeastern Brazil, classified as Macro-Ge) and Tagalog and Malay (languages of Southeast Asia) and Fijian, Samoan, and Hawaiian (languages of Oceania). It is found that in all five pair-wise comparisons the resemblances found are statistically highly significant (i.e., are greater-than-chance). A plausible explanation of these results is a possible historical (i.e., genetic or diffusional) relationship between these languages, a conjecture which is in accord with our previous studies, as well as with some contemporary genetic investigations indicating the existence of genetic affinities between Brazilian Indians and Southeast Asian and Oceanic populations. The hypothesis suggested, however, 
Introduction
Languages may resemble each other in their phonology, grammar or lexicon. Observed similarities between languages may, in principle, be due to different factors. First, the languages in question may be "historically related", in the sense that they are either genetically affiliated and have common descent or, alternatively, have been in contact and one language has borrowed from the other, possibly through a mediation of yet another language. A second reason to account for noted similarities between languages is their obeying universal principles and tendencies. And last but not least, languages can be similar in certain respects due to mere chance.
In this paper, I look at lexical similarities between languages that are guaranteed to be greater-than-chance. Insomuch as there can be no universal principles or tendencies requiring any lexical resemblances, or what is the same, that the same form in different languages should be associated with the same meaning, languages exhibiting such lexical similarities would probably be historically related in some sense. In particular, a computer program which inspects wordlists of a pair of languages and estimates the statistical significance of the form-meaning (=lexical) resemblances found in the examined languages, is used in comparing geographically distant languages. The languages are Xokleng of Southeastern Brazil (and currently classified as Macro-Ge) and five major Austronesian languages, of Southeast Asia (Tagalog and Malay) and of Oceania (Fijian, Samoan and Hawaiian) . Most surprisingly, the similarities found in pair-wise comparisons were significantly higher than could be expected by mere chance. This result suggests some type of historical relationship of Xokleng with Austronesian, a conjecture corroborated both by our previous investigations revealing affinity of Xokleng to Austronesian in its kinship semantics and some phonological and grammatical features, and some recent research in population genetics.
The paper is organized as follows. Section 2 examines a dozen lexemes in Xokleng as as compared to Tagalog, Malay, Fijian, Samoan and Hawaiian by Greenberg's method of mass comparison, which is a useful heuristic for noticing a potential relationship between languages. This preliminary stage of investigation is shown to yield quite suggestive, but statistically undetermined, and hence not fully reliable results. Then, in Section 3, I briefly introduce the computer program that estimates the statistical significance and discuss its outputs from examining 100-item wordlists of the investigated languages. In Section 4, some lexical similarities are shown between Xokleng and other Austronesian languages. Section 5 makes some concluding remarks by placing these findings in the context of population genetic and other results, including our own linguistic evidence, which, taken collectively, further corroborate the plausibility of potential affinity of Xokleng to Austronesian.
Applying the Method of Mass Comparison
Xokleng, commonly known also as Aweikoma esp. among anthropologists (with alternate names Shokleng, Kaingang, Bugre, Botocudos), is spoken by about 780 people in south-eastern Brazil, viz., in Santa Catarina, along the tributary of the Itajaí River. Its current classification according to Ethnologue (Gordon 2005) and Ruhlen (1987) is Macro-Ge/Ge-Kaingang/Kaingang/Northern. A basic ethnographical source is Jules Henry (1941) . The language has been studied by Gensch (1908) , Henry (1935 Henry ( , 1948 , and Urban (1985 ) (cf., Wiesemann 1986 , Rodrigues 1999 . In what follows, our data will come basically from the studies by Gensch and Henry. 1 Tagalog, Malay, Fijian, Samoan and Hawaiian are basic languages of the much better studied Austronesian language family and hence do not require any special introduction. We will only mention that the languages are representatives of major branches of the very widely spread Austronesian language family, viz., the Western Malayo-Polynesian branch (Tagalog, Malay) and the Oceanic branch (Fijian, Samoan and Hawaiian). In the discussion below, the data for Austronesian comes from the authoritative Austronesian Basic Vocabulary Database (at URL http://language. psy.auckland.ac.nz; citation is made with the permission of the authors). Currently, the database contains information on 200 basic vocabulary items of around 350 Austronesian languages.
The method known as "mass comparison" is mostly familiar from the work of Joseph Greenberg (1957) , though as he acknowledges, it is the oldest method used by linguists for arriving at plausible conjectures as to whether or not languages are historically related. The method comprises of compilation and inspection of wordlists of basic vocabularies (one of the most stable aspects of language) of the languages to be compared. Greenberg views the procedure as "the swiftest and surest" heuristic (Greenberg 1957: 42) for accomplishing the task, as it makes conspicuous various aspects of the similarities observed. Table 1 presents a comparative wordlist of 14 lexical items from Xokleng and the five Austronesian languages it is compared to (the 1 The notation of the older source, Gensch (1908) , is slightly altered wherever possible to be compatible with the broad transcription used by Henry. Also, some apparent affixation is segmented off words in the same source, as e.g., the predicating suffixes -ma, -mu, -ko, etc., which natives always pronounce together with nouns and verbs (but are absent in Henry's description).
apostrophe in Hawaiian orthographically renders the glottal plosive, denoted by '' in Samoan). Even a cursory glance at the data makes obvious some association of the Brazilian language to the Austronesian languages.
In the first place, there is a notable resemblance in form between the Xokleng words and the corresponding words in two or more of the other languages in most of the inspected lexemes. One example is the formal overlaps in the words for 'five' in all languages (which would be no surprise, recalling that the reconstructed Proto-MalayoPolyneisan form is *(qa)lima). As further illustrations, consider e.g., the words for 'four' in Xokleng and Tagalog and Malay (the ProtoMalayo-Polynesian form being *epat), the identical words for 'sun' in Xokleng, Hawaiian and Samoan, the words for 'come' in Xokleng, Tagalog and Malay, etc. In the second place, some (indeed only very tentative) sound correspondences emerge between Xokleng and the other languages. To give an example, Xo k = Haw k (as a reflex of Proto-MalayoPolynesian (PMP) *t), as suggested by PMP *telu ~ Xo kél ~ Haw kelo 'three', PMP *taqi ~ Xo kaé-wé ~ Haw kae 'shit, manure' or PMP *ma-takut ~ Xo ai-kaúg n ~ Haw ma-ka'o 'fear'. The other compared languages (except Fijian), in contrast, will be seen in Table 1 to preserve the original PMP sound *t in these cases.
Finally, one may notice in Table 1 a morphological similarity between Xokleng and some of the other languages, which is also highly valued in assessing relationships, viz., the one observable in the words for 'fear'. Thus, Xokleng ai-kaúg n 'fear, be frightened', quite analogously to Hawaiian ma-ka'o and Samoan ma-tau (cf., also PMP *ma-takut) consists of a prefix (viz., ai-, also used as a reflexive 'self') and a stem (viz., kaúg n ). The prefixes and stems of the languages are formally similar. In addition, it turns out that the prefixes are similar in function as well. The Austronesian (ProtoOceanic) ma-is known to have a valency-decreasing function (e.g., Evans & Ross 2001) , i.e., prefixing it to a verbal stem reduces the number of arguments this verb may have. Xokleng's prefix ai-behaves in exactly the same way. Henry (1935 Henry ( , 1948 draws the attention to the latter fact of Xokleng grammar. He writes that "Certain verbs that begin with ai omit it when they have direct objects" (Henry 1935: 204) , giving among others examples with the verb 'fear/be frightened' (curiously, this verb is commonly given as an illustration of the same phenomenon in Austronesian).
One can go on enumerating similarities, but we needn't do that here. How can one interpret these results from mass comparison? Most linguists would probably find them suggestive, but far from conclusive, and would additionally require, undoubtedly, further evidence indicating that the similarities found are not due to sheer chance. In mass comparison, languages are not compared binarily. Thus, a word in one language is compared to a set of words in other languages, which, quite obviously, increases the probability of chance matches, and one may wish to argue that since there are so many Austronesian languages (possibly over 1000) we can easily find a set of Xokleng words matching words in one or more different languages. Both statistical science and linguistic practice have taught us the lesson that coincidental resemblances do occur in language comparison and therefore we should be able to assess the statistical significance of the results obtained. Mass comparison, as usually practiced without estimation of statistical significance, is thus a useful heuristic, but an untrustworthy proof of a relationship.
In the next section, I describe a computer program that does the job, and then run it on 100-item comparative lists of basic vocabulary of these languages. Rather than look for a match between Xokleng and some of the other languages, Xokleng will be compared pair-wise with each of the Austronesian languages, and the significance of the resemblances found estimated.
The Machine Lexical Comparison

The Program
To be able to compare the lexicons of languages and evaluate the statistical significance of the similarities found, we first need to compile comparative wordlists of pairs of these languages, in our case Xokleng-Hawaiian, Xokleng-Tagalog, Xokleng-Malay, XoklengFijian and Xokleng-Samoan.
We selected 100 basic lexical meanings (≈a Swadesh list), as follows: and, arm/hand, ashes, bad, beat, belly/stomach, big, bird, black/dark-brown, bone, breast, burn, child, cloud, cold, come, cut (wood), die/dead, dig, dream, dry, ear, eat, egg, eye, fall, far, fat, father, fear, feather, fire, fish, five, four, fruit, grass, green/blue, hair, head, hear, hit, strike, hunt, husband, I, in, inside, kill, leaf, leg/foot, lie down (sleep), lips, long, lot (a lot), louse, man, manure/shit, mother, mouth, no/not, nose, old, person/human being, pierce/stab, plant, rain, red, road/path, rope/cord, sand, say, see, sharp(en), shoot, sick, skin, sky, small, spider, split, stick (wood), stone, sun, tail, three, throw, thunder, tongue, tooth, understand, water, we (incl/excl), wet, white, wife, wind, wing, woman, woods, forest, yellow, you (sg/pl).
Then we filled the above meaning slots with the Austronesian words, as they are given in The Austronesian Basic Vocabulary Database.
2 As far as Xokleng is concerned, the list was compiled basically from Gensch (1908) and Henry (1935 Henry ( , 1948 . In the cases when more than one word was available to fill a slot (either because the two sources supply distinct forms or one source gives synonymous forms), one form was randomly selected in order to maintain the impartiality of the method.
A computer program was built that handles comparative wordlists of two languages. It allows the user to flexibly define various criteria of phonetic similarity for a pair of forms. The similarity criteria to be used here will be described shortly.
To estimate the statistical significance of the phonetic similarities between a pair of languages, one needs to find the number of matching pairs, according to the chosen criteria for phonetic similarity, and compare them to the number of matches that could be expected to occur within the range of chance. We used a standard statistical procedure, viz., so-called "permutation test", to make the estimation (cf., Good 1994 for a general discussion).
Seemingly the first applications of the idea to the task at issue are Oswalt (1970) and Oswalt (1991) , and I follow his method here; a more recent work is Kessler (2001) ; another application of the permutation method, to finding universals, is described in Valdés-Pérez & Pericliev (1999) .
In a permutation test, the number of matches found in the original, or non-permuted, data (called actual score) is compared to those found in many (usually 1000 or more) random permutations of the original data. In our case, if we imagine a comparative wordlist of two languages as comprising two columns, with words with identical meanings set against each other, a random permutation will scramble one of the columns, so that forms will be compared that no longer have identical meaning. Our data was permuted 1000 times, and the random mean was calculated, which is the average of the number of matches obtained in the 1000 random permutations. The actual deviation is computed (=actual score minus random mean), which is a figure, indicating the number of greater-than-chance similarities.
The distribution of random scores is sufficiently close to a normal (bell-shaped) curve, which allows the computation of statistical significance, which is a better measure of the strength of the relationship than the actual deviation, as follows. The standard deviation, a measure of the dispersal of random scores, is computed as the square root of the mean of the squares of the deviations of each random score from the random mean. The standard score (or zscore) is computed by dividing the actual deviation by the standard deviation. The standard score is an important figure in these computations, as it allows us to determine the probability (or significance) of the similarities of the examined languages. The higher the standard score, the lower the probability of getting the result by chance and hence the higher the significance. Tables of areas under the standard normal curve (to be found in most statistical textbooks) show the probability (=significance) of finding such a score or one higher.
Now, in what follows, we give all these figures in the actual language comparisons, as they might be meaningful to linguists familiar with statistics. At the same time, our results from these comparisons should be fully comprehensible also to the uninitiated in statistics, since all one needs to know to fully assess whether the resemblances found between a pair of languages are greater than chance is that the commonly used level of significance is 0.05, but here we prefer the more conservative and reliable level of 0.01, usually referred to as a level of "high significance" (corresponding to a standard score of 2.3 or higher). It could also be mentioned that one unit of standard score means a lot in terms of changing significance (e.g., the change from 2.5 to 3.5 yields a probability change from 0.0062 to 0.0002) and normally statistical tables stop at a standard score of 4, giving a significance of 0.0000 to four decimal places (or practically, a certainty).
The Comparisons
We have now to define the similarity criteria, or what counts as a match, in comparing two word forms. One can define these criteria more strictly or more loosely, the latter choice generally resulting in increasing the number of matches found, but at the cost of deteriorated formal resemblances and lower significance level. In the statistical approach, in contrast to non-statistical studies usually aiming at unearthing more matches (or putative cognates), how one chooses to define these criteria is not really crucial insofar as the statistical test is in control of the process. What really matters in language comparisons is not the number of matches, but the strength of the relationships, which is reflected in the statistical significance. For the purposes of this paper, we compare all consonant-vowelconsonant (CVC) sequences in a word pair, following so-called "extended criteria method" in a familiar paper by Bender (1969) .
The criteria, then, are:
(i) C 1 V 1 C 2 in one language is accepted as corresponding to (=matching) C 3 V 2 C 4 in another if the vowels are identical (disregarding differences in tone or length) and if one or both pairs of consonants are identical while the other pair differs by only one feature (occasionally a difference of two features is accepted; see point (v)).
(ii) C 1 V 1 C 2 in one language is accepted as corresponding to C 3 V 2 C 4 in another if C 1 is identical to C 3 and C 2 is identical to C 4 , disregarding of the intervening vowels. This criterion makes explicit use of the general assumption that consonants count for more in correspondences than vowels. (iii) An item consisting of a CV alone is counted in comparison with an identical CV standing alone or occurring in a larger item. (iv) An item comprising any sequence of three sounds is counted in comparison with an identical three-sound sequence standing alone or occurring in a larger item.
(v)
The following consonantal pairs with more than one feature difference match: v=p, t=l, t=n, h=k, h=g.
There follow the results from running our program on pairs of the inspected languages, with the similarity criteria above. As seen above, the program has found 13 matching words (=the actual score) in Xokleng and Hawaiian. If the association between the two languages were random, one could expect something like 2.49 matches (=the random mean), so the difference between actually observed matches and those to be expected by chance (=the actual deviation) is large, viz., 10.51. The standard deviation is low, viz., 1.56, which is again an advantageous situation. Finally, the standard score is very large, viz., 6.74, recollecting that a standard score of 4.00 already yields a probability of 0.0000 up to the fourth decimal place. Thus, it is practically certain that the noted similarities are non-chance, and therefore very significant.
Xokleng and Hawaiian
Gloss
One may notice that the above list of similar word pairs does not include e.g., the word pair for 'fear/be afraid', Xo aikaúg n and Haw maka'u, which was shown in Section 2 to be a good candidate for true cognacy. The reason for this exclusion (and actually the exclusion of a number of similar pairs in our 100-wordlist) is that the pair(s) do(es) not pass our criteria for similarity, implying that the similarity criteria may be defined too strictly and so exclude some reasonable matches. The converse is also true, and the criteria may be defined too loosely and so include some wild matches; so defining criteria is always a trade-off. The number of found matches, however, as mentioned earlier, is not the most essential part in looking for historical relationships, and what really matters is the strength of the proof for relationship, manifested in the significance level (and very impressive in this specific case). The program found 10 matching word pairs, one of which is clearly spurious: by similarity criterion (iv) above, the sequence -aha-of Xokleng's a háma 'you (sg/pl)' is matched with the identical sequence -aha-of Tagalog's lahat. But recollect the remark in the previous paragraph. The deviation in the number of actually observed matches (10) in comparison to the number that is most likely to occur by chance (3.85) is 6.15, a smaller figure than that in Hawaiian, but still large enough. The standard deviation is, again, low and the standard score sufficiently high, both favourable circumstances in unearthing historical relationships. Looking up in a statistical table of areas under the standard normal curve gives for this value of the standard score a probability (=significance) of 0.0006, i.e., a very significant result. 4 The actual deviation is high and the standard deviation low (both favourable circumstances), and the standard score is also high, viz., 3.83, leading to the high level of significance of 0.0001. Xokleng shows 7 matches with Fijian in the inspected 100-item list. The standard score is lower in comparison with those in the previous tests, but still high enough to give a significance of 0.0060 (recall that social science usually considers a level of 0.01 highly significant). Finally, Xokleng and Samoan share 6 matches, with standard score of 2.72 and probability of 0.0033, showing, though somewhat less strongly than in the cases with Hawaiian and Malay, a highly significant relationship.
Xokleng and Tagalog
Gloss
Xokleng and Malay
Gloss
Xokleng and Fijian
Gloss
Xokleng and Samoan
Gloss
Some Lexical Similarities between Xokleng and Other Austronesian Languages
If Xokleng bears statistically significant lexical similarities to the inspected five languages, which are widely distributed and belong to different branches of Austronesian, it would be expected that the Brazilian language would also show similarities in lexicon to other Austronesian languages. Below I give some examples of such resemblances in the style of mass comparison. As will be clear from the previous discussion, these examples will lack the strength of proof in the previous section, involving estimation of significance, but will nevertheless be suggestive (abbreviations: Xo=Xokleng, PAN=Proto-Austronesian). 
Discussion and Conclusion
The lexical similarities of Xokleng to the Austronesian languages Tagalog, Malay, Fijian, Samoan and Hawaiian were shown in Section 3 to be non-chance beyond any reasonable doubt. Also, as we saw in Section 4, the Brazilian language exhibits some suggestive lexical resemblances to other languages of the Austronesian family. These linguistic facts need to be explained.
One natural explanation, anticipated from the previous discussion, would be that Xokleng and these Austronesian languages are "historically related" (i.e., their relationship is either genetic or diffusional). On the surface, this might seem an implausible conjecture, potentially objectionable for the following two reasons. First, the Brazilian language, as far as current wisdom goes, is not an isolate language, but is classified in the Kaingang subfamily (with the language Kaingang), which in turn is classified as a part of the Ge-Kaingang family, itself a part of the Macro-Ge stock. Secondly, Xokleng and the Austronesian languages seem much too geographically distant to be historically related (in any of the senses above).
In response to the second potential objection, the great geographical distance between the examined languages, we may recall that Thor Heyerdahl (1950) has experimentally demonstrated with his primitive raft Kon-Tiki that see voyages can be achieved between South America and Polyneisa. (Indeed, he suggested that Polynesia is colonized from a people of Pre-Inca Peru, an idea that has not met general approval, but is still not excluded from consideration by authoritative genetic investigations such as CavalliSforza et al. 1994) .
Regarding the first potential objection, viz., that Xokleng is not a language isolate, we should say that our suggestion of a possible connection with Austronesian does not necessarily contradict its present genealogical classification. Thus, Xokleng can very well be a genuine Macro-Ge language and at the same time be related to Austronesian, only a logical consequence of this situation would be that all languages validly classified as Macro-Ge would also be related to Austronesian. However, insomuch as I do not at present have sufficient data, I refrain from making such a strong supposition, limiting it only to Xokleng. At the same time, Xokleng is known to be very strongly related to Kaingang and less strongly, but still noticeably, to some other Ge/Macro-Ge languages, so it can be noted that even a version of the stronger supposition may not look out of place. Here, I will confine myself to giving only some lexical similarities between the inspected five Austronesian languages and the Macro-Ge Xokleng, Kaingang, and Maxakali (a Macro-Ge language spoken in Minas Gerais and Espirito Santo). Table 2 , based on data for Kaingang and Maxakali from Wiesemann (2002) and Popovich & Popovich (2005) respectively, summarizes such similarities from our 100-item wordlist. It is important to emphasize that, while I have not systematically compared Maxakali, the pairwise comparisons of Kaingang to the five Austronesian languages, which cannot be discussed here, all turned out to be highly statistically significant, similarly to the comparisons with Xokleng.
Below I return to the question of the possible historical relationship of Xokleng to Austronesian, providing some further support for this conjecture.
First, South America is both linguistically and genetically the most diverse part of the world. Now, if South America was exclusively colonized from the north, as it is predominantly believed today, then it should be expected that both South American languages and South American native populations would, in a significant way, resemble languages and populations of North America. 
However, South American languages are well known to be very different from North American ones. The same applies to population genetics. Regarding the Macro-Ge people in particular, it was found, in drawing a phylogenetic tree of 23 American tribes, grouped according to linguistic criteria (Cavalli-Sforza et al. 1994: 323-4) , that they are the worst outliers. It can therefore be concluded that linguistic and genetic connections with other parts of the world cannot be a priori excluded.
Secondly, some recent genetic investigations give direct evidence of a possible link between Brazilian native populations and populations in the Pacific. Ribeiro et al. (2003: 59) , analyzing the Macro-Ge-speaking Xikrin and the Tupi-speaking Parakanã (note that Tupi is believed to be related to Macro-Ge), found them to be genetically similar to Indonesians and South-East Asian populations, concluding that "These results corroborate the existence of genetic affinities between Brazilian Indians and South-east Asian and Oceanic populations", their investigation being intended to "further contribute to the theory of a predominantly Asiatic origin of the American natives". Ribeiro et al. (2003) cite other genetic work to the same effect.
And last but not least, our own previous linguistic investigations also link Xokleng to Austronesian. Suffice it to only summarize some of our basic results here. We studied computationally (with a version of the program also used here) the kinship semantic patterns of 566 societies, based on the data set contributed by Murdock (1970) . The Murdock data set focuses on eight sets of kin: grandparents, grandchildren, uncles, aunts, nephews and nieces (male speaker), siblings, cross-cousins, and siblings-in-law. Every type of kin is described in terms of "kin term patterns", showing the number of kin terms used for that kin as well as their range of reference (e.g., for the kin "grandparents" we may have a Bisexual Pattern (has two terms, distinguished by sex, which can be glossed as "grandfather" and "grandmother"), Merging Pattern (has a single undifferentiated term, which can be glossed as "grandparent"). (Murdock gives overall 20 patterns for this kin.). The computer program was used to discover statistically significant similarities in patterns between languages, belonging to different language families according to the classification of Ethnologue. It was found that Xokleng bears very strong relationship to each of the Austronesian languages Amis, Ulithian and Trukese (in fact the most statistically significant results in comparison to all investigated language pairs). Malay and Samoan, studied here, also showed substantial similarities in kinship semantics with Xokleng. This result in fact initiated further investigations, some of which are reported here. Some other of our findings were that Xokleng is very significantly statistically tied to the original Proto-Austronesian language in regard to its basic vocabulary and some sound correspondences were suggested to account for the similarities. Also, further evidence was adduced as to the resemblances of Xokleng to Austronesian, pertaining to both their phonological and grammatical structure, the latter being quite suggestive of genetic rather than diffusional relationship.
Summarizing, we may say that the conjecture of a possible historical (most probably genetic) relationship between Xokleng and languages like Tagalog, Malay, Fijian, Samoan and Hawaiian (and Austronesian more generally) is far from being so implausible as it might look at a first glance. Quite the contrary, it becomes quite reasonable in the context of all that was said in the previous paragraphs. However, at present, it can be viewed as no more than a hypothesis, which requires further and much more detailed historical linguistic test, as well as tests from the other related fields like genetics, to be corroborated or, alternatively, falsified by proposing other reason(s) to explain the diverse non-chance similarities that have been found to exist among these languages. A basic goal of this paper is to invite such tests.
